Disseminated intravascular coagulation (DIC) is associated with organ failure and it is often fatal condition. The main underlying diseases are infection, hematological malignancy and solid cancer. DIC is subclassified into overt DIC and nonovert DIC. The International Society on Thrombosis and Haemostasis (ISTH) and the Japanese Association for Acute Medicine (JAAM) published the diagnostic criteria for DIC after several recent clinical trials. These diagnostic criteria are modified versions of the Japanese Ministry of Health, Labor and Welfare (JMHLW) criteria. The JAAM diagnostic criteria demonstrated excellent sensitivity for mortality but low specificity. The mechanisms of onset of DIC vary based on the underlying diseases, and depend on tissue factor, cytokines, etc. Early diagnosis and early treatment for DIC are important, and the use of hemostatic molecular markers is necessary to successfully make an early and rapid diagnosis. The mortality of DIC might be improved by the administration of recombinant activated protein C or recombinant thrombomodulin. Further investigation to improve the mortality of DIC is required, including new methods for diagnosing and treating the disease. 〔J Clin Exp Hematopathol 51(2) : 67-76, 2011〕 
INTRODUCTION
The Japanese Ministry of Health, Labor and Welfare (JMHLW), the International Society on Thrombosis and Haemostasis (ISTH) and the Japanese Association for Acute Medicine (JAAM) have recommended diagnostic criteria for disseminated intravascular coagulation (DIC). [1] [2] [3] [4] The expression "death is coming" was used to reflect the severity of DIC as a disease with a poor prognosis. The diagnosis and treatment of DIC are therefore important and an early diagnosis of DIC as pre-DIC may help improve the patient survival. Recent clinical trials conducted using antithrombin (AT) 5 and recombinant activated protein C (APC) 6 in cases of severe sepsis, and using recombinant thrombomodulin (TM) 7 in subjects with DIC, showed that the drugs had therapeutic effects against DIC. DIC may therefore eventually be considered a condition that can be treated effectively with anticoagulant therapy, instead of a disease with a poor prognosis.
DEFINITION
The definition of DIC differs depending on whether the term is used by a clinician, a laboratory technologist, a research scientist, an official of the JMHLW or a person working in the private sector. It can also vary depending on the social infrastructure, geographical location, economic condition, level of health care, the history of research on DIC, etc. The earliest definition and concept of DIC required evidence of the presence of microthrombi and it emphasized the prominent hemorrhagic tendency caused by consumptive coagulopathy due to the formation of multiple microthrombi. Since this early definition, the concept of DIC has undergone changes, as new types of cases were discovered and advances were made in research. It is now clear that it is difficult to directly prove the presence of microthrombi in many DIC cases, therefore the results from clinical laboratory tests are used instead. In addition, symptoms of organ failure are now considered to be more important than hemorrhagic symptoms.
The DIC diagnostic criteria established by the JMHLW 1 are not based on any definitive definition or concept. These criteria were prepared to cover the hemostatic abnormalities in a large number of typical DIC cases that were reviewed by specialists in DIC. Müllar-Berghaus et al. proposed the concept of disseminated intravascular fibrin formation, and attempted to diagnose DIC based on the increase in soluble fibrin (SF).
ISTH because measurement of SF was not widely practiced at that time, and it could not be confirmed that the increase in SF was specific to DIC. The Scientific and Standardization Committee (SSC) of the ISTH (SSC/ISTH), in its meeting held in Paris in 2001, proposed defining DIC as shown in Table 1 . The SSC ignored consumptive coagulopathy and the presence of clinical symptoms. The evidence required for microthrombi formation was replaced by that of intravascular fibrin formation, and vascular endothelial cell damage was recognized as an important condition related to DIC. It was also accepted that organ symptoms were no longer solely caused by thrombi but also by hyperendotoxemia and hypercytokinemia in the blood. With this definition, the SSC/ISTH confirmed the importance of fibrin-related products in DIC. It was suggested that DIC has two main mechanisms of onset, one non-inflammatory and the other inflammatory. The noninflammatory DIC is seen in patients with leukemia or aortic aneurysms while inflammatory DIC is found in patients with sepsis or collagen diseases. The SSC/ISTH also proposed to divide DIC conditions into overt-DIC, where the hemostatic system is in a decompensated state, and non-overt DIC (pre-DIC), where the system is in a compensated state. The initial definition and concept of DIC were proposed based on its pathology, but now, with more cases being studied and new developments in testing methods, there has been a gradual shift to clinical laboratory test-based definitions. It is likely that in the future, this definition will be based on evidence of new DIC therapy and disease prognosis. For now, the definition/concept of DIC proposed by the SSC/ISTH seems to be the most appropriate, but this definition/concept can probably be improved, and will likely continue to change as research progresses.
DISEASES UNDERLYING DIC
DIC can result from an underlying disease which may not always be diagnosed. The 1998 survey by the JMHW showed that underlying diseases with high incidence of DIC include hematopoietic tumors like acute promyelocytic leukemia (APL) and acute myeloblastic leukemia, obstetric diseases like placenta previa and amniotic fluid embolism, fulminant hepatitis, etc (Table 2) . 9 The underlying diseases with a high incidence of absolute numbers of patients with DIC include infections like sepsis, shock, solid tumors like hepatic and gastric cancers, and non-Hodgkin's lymphoma. A recent prospective study showed a high incidence of DIC in patients with infections, solid tumors, hematopoietic tumors, and aortic aneurysm (Table 3) . 10 Early reports of DIC suggested that the highest incidence was reported for obstetric diseases, followed by leukemia. Recently, the JAAM diagnostic criteria 3 and DIC treatment guidelines 11 that focused on infectious DIC with high absolute numbers have been published. With the aging and improvement in the 5-year survival rate of 
MECHANISM RESPONSIBLE FOR THE ONSET OF DIC
DIC is a condition caused by continuous activation of the coagulation and fibrinolysis systems within blood vessels due to an increase in "offense factors" or a decrease in "defense factors" (described below). Recently, organ dysfunction has been considered to be more important, and offense factors have been drawing greater attention. Fig. 1 shows the mechanism of onset of DIC in patients with malignant tumors and infectious diseases.
Inducers

1) Tissue factors
Leukemia, obstetric and gynecological diseases are conditions in which DIC results from the direct release of tissue factor (TF), because of large amounts of TF, which are present in leukemic cells 12 and the placenta, are released into the systemic circulation. TF rapidly activates blood coagulation factor VII (FVII) in the extrinsic pathway, TF/activated FVII (FVIIa) which activates FX to FXa, thereby producing a large amount of thrombin in the blood. Thrombin converts fibrinogen into fibrin, and simultaneously acts on protease activated receptors (PARs) on various cells by sending signals into the cells. The formation of large amounts of fibrin causes thrombosis and consumptive coagulopathy. When there is tissue collapse or monocyte activation, TF activity in the blood increases markedly. It is believed that in solid tumors, the TF released from the cancer cells and the immunological reactions to solid tumors enhances TF production from monocytes. In patients with infections, the increase in TF production plays a major role in the onset of DIC. Animal models for DIC, as described below, have been reported.
As anti-TF antibody, 13 TF pathway inhibitor (TFPI), 14 and active site inhibited FVIIa 15 decreased the mortality in E. coliinduced DIC models. Although the TF and TFPI concentrations in the blood change with the clinical progression of DIC, 16 their concentrations do not always correlate with the condition of the DIC. Tumor cells and tissues such as the placenta, also contain various substances other than TF that can affect the hemostatic system. For example, tissue-type plasminogen activator (t-PA) present in melanoma can significantly activate fibrinolysis, and cause fibrinolysis dominant DIC, together with TF and other factors.
2) Chemical mediators
During the activation of leukocytes and induction of vascular endothelial cell damage, chemical mediators play a major role in the onset and progression of DIC, as suggested from results of clinical studies and animal experiments. 17 Sepsis, burns, trauma and major surgery, etc can activate blood cells and vascular endothelial cells, and lead to the production and release of chemical mediators such as tumor necrosis factor (TNF) and interleukin-1 (IL-1). The release of endotoxins (LPS) by gram-negative bacteria, especially in cases of sepsis, and peptidoglycans by gram-positive bacteria, can activate the transcription factor NFkB (nuclear factor k-B) via toll-like receptors (TLRs) and CD14 of macrophages to produce cytokines. 18, 19 In an LPS-induced model, inflammatory responses, such as an increase in cytokines, elastase and CRP, were seen. 20 In sepsis cases, where are high LPS levels, there is also a high incidence of DIC complications. There was also greater suppression of the fibrinolytic system and greater enhancement of organ dysfunction by hypercytokinemia observed in a LPS-induced rat DIC model than in a TFinduced rat DIC model. 21 A mechanism for tissue damage by neutrophil elastase released from activated neutrophils has been proposed, 22 and a close link between neutrophil infiltration and the pathological condition was demonstrated in a rat lung injury model. Microcirculatory disturbance often occurs as a result of these processes, and it leads to the further releases of various chemical mediators, leading to the development of DIC and multiple organ failure (MOF). The pathological state of systemic inflammatory response syndrome (SIRS) 24 is accompanied with high hypercytokinemia, and when SIRS continues for more than 3 days, the incidence of DIC is high. 25 The blood cytokine levels are markedly elevated in sepsis patients, and the administration of exogenous TNF or IL-1 lead to the development of a condition similar to septic shock in an animal model. Thrombin acts on PARs and activates NFkB, 26 thereby enhancing the inflammatory response.
Defense factors
Protein C (PC), AT, TM, protein S (PS), TFPI, and plasmin inhibitor (PI) are known as the biological protease inhibitors that inhibit activated coagulation factors or fibrinolytic factors. A lack of these inhibitors favors the onset or worsening of DIC. Fibrinogen, acting as a substrate for thrombin, ultimately localizes the action of thrombin. In a clinical trial, the administration of APC 6 caused a significant reduction in IL-6, while addition of high-dose AT suppressed the effect of LPS on promoting IL-6 production by monocytes, 27 suggesting that APC and AT possess anti-inflammatory effect, as well as anticoagulant effects. In a sepsis-related DIC model where E. coli was injected into baboons, the administration of anti-endothelial PC receptor (EPCR) antibodies caused a poor outcome in all of the baboons, and their tissues showed infiltration of neutrophils, 28 suggesting that the PC-EPCR system has an important anti-inflammatory action.
AT, EPCR, APC, and TM also directly or indirectly prevent thrombin from acting on PAR, and thus suppressed the inflammatory response by inhibiting the activation of NFkB. When the ability to process bacterial toxins or activated coagulation factors in the reticuloendothelial system decreases due to liver cirrhosis, anticancer agents, or tumors of the reticuloendothelial system, then these conditions are also favorable for the onset of DIC.
The fibrinolytic system prevents the development of ischemic conditions by dissolving the thrombi that were formed. When this system is weakened, and its capacity to dissolve microthrombi is decreased, organ dysfunction develops and irreversible damage can occur. In addition, there is often an insufficient increase of blood fibrin/fibrinogen degradation products (FDP), and a markedly increased fibrinogen level in the patients with hypofibrinolysis. In patients with aortic aneurysms, cardiac arrest, angiomas, etc, thrombus formation occurs due to abnormal blood flow, and DIC develops as a result of the formation of these thrombi and fibrinolysis.
DIAGNOSTIC CRITERIA FOR DIC
Ideally, one set of diagnostic criteria for DIC should be prepared for each underlying disease. However, this would require several dozen sets of DIC diagnostic criteria which would be impractical for busy clinicians to adopt. The current diagnostic criteria in use were therefore prepared by combining the common features of the different types of DIC. The current widely used diagnostic criteria for DIC are not actually diagnostic criteria, but rather criteria for starting DIC treatment. The SSC/ISTH divided the state of DIC into overt-DIC and non-overt DIC (pre-DIC). The JMHLW DIC diagnostic and ISTH overt-DIC diagnostic criteria are both applicable for overt-DIC, while the ISTH non-overt DIC diagnostic criteria and JAAM criteria for acute phase DIC apply to non-overt DIC. Table 4 gives three sets of diagnostic criteria for DIC.
Diagnostic criteria for overt-DIC
The diagnostic criteria of the ISTH for overt-DIC 2 are a modified version of the JMHLW DIC diagnostic criteria 1, 29 with some differences between the two criteria. In a study that compared the JMHLW and ISTH DIC diagnostic criteria, 30 concordance in DIC diagnosis was observed at 64.7 % for the leukemia group and at 71.3% for the non-leukemia group. The concordance in ruling out DIC was 95.9% in the leukemia group and 99.2% in the non-leukemia group, suggesting that the ISTH overt-DIC diagnostic criteria have a higher specificity, but lower sensitivity, than the JMHLW criteria. Although the JMHLW diagnostic criteria adopted hemostatic molecular markers as auxiliary diagnostic parameters, these are not clinically used due to the cost and time involved in their measurements. The ISTH overt-DIC diagnostic criteria allow for a diagnosis of DIC even when there are no clinical symptoms, as long as there are abnormal laboratory values caused by the DIC, indicating that the ISTH overt-DIC diagnostic criteria are objective. The levels of fibrin-related products are given the highest weight among abnormal laboratory test values, and 2 points are assigned for a reduction in platelet count, which lowers the specificity of DIC diagnosis in patients with leukemia.
Diagnosis of non-overt DIC (compensated DIC)
The majority of Japanese physicians initiate anticoagulant therapy when a patient has a DIC score of 5 or 6 based on the JMHLW criteria. The early treatment of DIC has been recommended, but there is only limited evidence of its efficacy. In a retrospective study 31 that examined the effectiveness of early treatment of DIC, when treatment was given at the pre-DIC stage, at least 80% of cases showed remission of DIC, while only 8% had worsening of DIC. With a higher DIC score at the start of the treatment, the remission rate decreased, and the percentage of cases that worsened increased, When the period 1 week immediately before the onset of DIC is retrospectively defined as pre-DIC, 32 the hemostatic molecular markers, such as the thrombin-AT complex (TAT), SF, and plasminogen activator inhibitor-I (PAI-I) showed usefulness for the diagnosis of pre-DIC. Of these markers, SF was the most useful. 33 Many investigations have been carried out in Japan for the diagnosis of pre-DIC, but no diagnostic criteria have yet been established. Table 5 provides a modified, but still preliminary, draft of diagnostic criteria for non-overt DIC. 34 In this draft, the sensitivity of global coagulation tests was improved by including changes in their values over time. It has also adopted measurement of vascular endothelial cell markers as AT and PC, and SF or TAT as markers of the activation of coagulation.
Topics in diagnosis of DIC
Comparison of the JMHLW DIC diagnostic criteria, ISTH overt-DIC diagnostic criteria, and JAAM acute phase DIC diagnostic criteria
A prospective study by the Japanese Society of Thrombosis and Hemostasis (JSTH) evaluated these three sets of criteria. Among the cases registered for the study, twice as many patients were diagnosed as having DIC using the JAAM acute phase DIC diagnostic criteria as compared to the other two sets of criteria. 35 Based on this finding, the acute phase DIC diagnostic criteria were the most sensitive, followed by the JMHLW criteria and the ISTH overt-DIC criteria. The percentage of patients diagnosed with late onset DIC, i.e., those who were not diagnosed to have DIC at registration, but who developed DIC within 1 week, was in the range of 12.1% to 13.9%. All three sets of criteria gave more or less similar results (Table 6) .
Since there is no gold standard for the diagnosis of DIC, the prediction of mortality was chosen as a criterion for evaluation. The JAAM diagnostic criteria provided the best sensitivity (80.0%) for mortality, but low specificity (33.2%). Because of this, the odds ratio for this set of criteria was 1.99, and was ranked second behind the ISTH overt-DIC diagnostic criteria, which have the highest odds ratio for mortality.
Clinical laboratory tests related to DIC diagnosis
Global coagulation tests generally show prolongation of the PT, reductions in the platelet count and fibrinogen, and an increase in FDP. However, there are many exceptions. In a severe inflammatory response, such as in patients with infectious diseases, the fibrinogen level and platelet count increase, contrary to the general trend. Hepatic dysfunction, such as liver cirrhosis, decreases the platelet count and fibrinogen level, and prolongs the PT. The platelet count also markedly decreased as a result of medication, radiotherapy, bone marrow suppression, or anti-platelet antibodies. Although global coagulation tests are markers that can reflect consumptive coagulopathy, they can also lead to abnormal results when there are other underlying causes. Therefore, global coagulation tests are not specific for a diagnosis of DIC.
The PT, fibrinogen, FDP, platelet count, and vascular endothelial cell damage markers, such as AT, PC, and TM, did not show any significant difference in pre-DIC and non-DIC patients, thus suggesting that global coagulation tests and vascular endothelial cell damage markers are suitable for the diagnosis of DIC, but not for the diagnosis of pre-DIC. Hemostatic molecular markers, such as TAT, plasminplasmin inihibitor complex (PPIC), D-dimer, and SF are better for the diagnosis of pre-DIC, because their expression levels were significant different at the pre-DIC stage. 32, 36 For example, TAT and prothrombin fragments 1 + 2 (F1 + 2) were increased by production of thrombin, while PPIC was increased by the production of plasmin. SF was increased by fibrin formation. D-dimer was also increased as a result of fibrinolytic activity after fibrin polymerization. FVIIa increases by the release of TF into the blood, and the expression of TF on leukocytes. TAT, F1 + 2, FVIIa, SF and D-dimer are therefore markers of activation of the coagulation system. PPIC and D-dimer are markers of activation of the fibrinolytic system. Increases in these markers are useful for detecting a pre-DIC or hypercoagulable state.
In fibrinolysis-dominant DIC, there is a reduction of the platelet count and fibrinogen level, and prolongation of the PT. In addition, a reduction in PI and plasminogen, an increase in the PPIC and a shortening of the euglobulin lysis time (ELT) can also be seen. An increase in PAI-I indicates that there is an increase in the fibrinogen level and a weakening of the fibrinolytic system. An increased TM and decreased AT and PC in the blood may be used as markers for vascular endothelial cell damage. The mechanisms responsible for changes in the TM, AT and PC levels may be 1) improper TM elimination caused by renal failure, 2) reduced production of AT and PC due to hepatic dysfunction, 3) a hyper-coagulable state, coupled with consumption of AT and PC and the release of TM, or 4) the degradation of AT and PC by proteases such as elastase, etc. The most supported theory in DIC is that vascular endothelial damage itself releases TM into the blood, and that AT and PC are leaked out of blood vessels. Vascular endothelial cell damage and the associated organ dysfunction are major factors that can worsen the prognosis of DIC. The levels of vascular endothelial cell damage markers have also been shown to correlate well with the sepsis-related organ failure assessment (SOFA) score. 37 TF shows a marked increase in some DIC cases, while in others, it shows only a mild increase. This difference is believed to be because TF is active on cell membranes. Measurement of TF mRNA in leukocytes, rather than measurement of soluble TF antigen in the blood has proven to be useful for diagnosis of infectious DIC. Table 7 shows the mortality for severe sepsis patients treated with AT, 5 recombinant APC, 6 and recombinant TFPI 38 and for DIC treated with recombinant TM 7 and plasmaderived APC. 39 The mortality of DIC patients can vary, depending on the DIC diagnostic criteria used. Among the placebo-treated patients with severe sepsis, the mortality of non-DIC patients was about 22%. This result was doubled (40-45%) in patients with associated DIC, thus suggesting that the complication with DIC worsened the outcome of sepsis. Although the bias from the physician was taken into account, that of patients treated with APC or TM was about 25-28%. In cases of infection, treatment of the DIC can probably reduce mortality by 10-15%. The mortality of DIC patients without infection was relatively low, at about 17-40%, and further investigation will be needed to determine whether the treatment of such DIC would significantly reduce the mortality.
PROGNOSIS OF DIC
New advances in adjuvant therapies, such as the administration of granulocyte colony-stimulating factor, blood transfusions and all-trans retinoic acid (ATRA) against APL reduce the incidence of DIC and the associated mortality. In emergency medicine, the treatment of underlying diseases has improved, but the incidence of DIC as a complication has increased. The number of diagnosed infectious DIC cases is expected to increase further following the success of clinical trials with APC on severe sepsis. 6 However, the prognosis of sepsis associated with DIC is still poor. As DIC in critical care is still not diagnosed at an early stage, it is possible that JMHLW DIC diagnostic criteria may not be appropriate for evaluating patients with sepsis. The JMHLW DIC criteria are based on an increase in FDP and a decrease in the fibrinogen level, but in case of infectious DIC, the change in FDP and fibrinogen is small. Therefore, diagnostic criteria with a greater sensitivity need to be prepared for infectious DIC. The JAAM 3,40 acute phase DIC diagnostic criteria have improved sensitivity, but have not improved in specificity. When using the diagnostic criteria based on global coagulation tests, lowering of the specificity is unavoidable to obtain increased sensitivity. A better strategy to improve sensitivity, while maintaining specificity, is to use hemostatic molecular markers as are used the modified version of the non-overt DIC diagnostic criteria. 34 However, there has been little evidence gathered for the use of hemostatic molecular markers.
The DIC subcommittee of the JSTH SSC has plans to gather evidence from prospective studies to define cut-off values for hemostatic molecular markers. Measurement of these markers is costly and time-consuming to perform, but are highly specific for the diagnosis of DIC. It is hoped that with automation of the analysis and cost reduction, these markers will be more widely used. Different sets of DIC diagnostic criteria are used in Japan and Western countries. The evidence for the ability of these criteria to accurately diagnose DIC and predict the survival rate is still minimal. Therefore, new diagnostic criteria from prospective studies which consider the relationship between the criteria and prognosis, which can help improve patient survival, need to be established.
CONCLUSION
In order to improve the prognosis of DIC, it is important to diagnose the condition accurately and as early as possible. It is hoped that new diagnostic criteria using hemostatic molecular markers, which have both high sensitivity and specificity, will soon be established. 
